Abstract. renal cell carcinoma (rcc) is a common malignant tumor globally. The overall survival of patients with rcc is poor; one important factor is tumor heterogeneity. ubiquitin-conjugating enzyme e2T (uBe2T) has been reported to act as an oncogene in various types of cancer; however, its role in rcc has yet to be investigated. in the present study, uBe2T was demonstrated via reverse transcription-quantitative PCR analysis to be significantly upregulated in rcc samples and cell lines compared with in normal tissue and cells. Additionally, UBE2T expression was significantly associated with late tumor stage and high grade in patients with rcc, and patients with high uBe2T expression exhibited poor prognosis compared with patients with low expression. Following knockdown of uBe2T in 786-o cells using rna interference technology, the proliferation and colony formation of cells were inhibited as determined by an MTT assay and crystal violet staining, respectively; however, the migration and invasion of 786-o cells were not affected, as determined by wound-healing assay and Transwell assays, respectively. Xenograft rcc tumor growth in vivo was also significantly suppressed. The expression levels of two mesenchymal cell markers, n-cadherin and vimentin, were reduced following UBE2T knockdown, whereas E-cadherin and fibronectin levels were increased as determined by western blotting, indicating that epithelial-mesenchymal transition was suppressed. in addition, the phosphorylation levels of Pi3K, akt and mTor were notably decreased following uBe2T knockdown, but were increased when uBe2T was overexpressed. Wortmannin, an akt inhibitor, reversed the uBe2T overexpression-induced increase in the phosphorylation of Pi3K, akt and mTor. Similarly, the uBe2T overexpression-induced promotion of 786-o cell proliferation was also attenuated by wortmannin. in conclusion, uBe2T promoted the proliferation of rcc cells by regulating Pi3K/akt signaling, suggesting it may be a novel target for the treatment of patients with rcc.
Introduction
renal cell carcinoma (rcc) is among the top 10 most lethal types of cancer and is the cause of >10,000 cases of mortality every year (1) . according to the most recent statistics published by the american cancer Society, ~65,340 individuals were predicted to be diagnosed with rcc in 2018, whereas the estimated mortality rate was ~14,970 cases (1) . Patients with rcc frequently encounter recurrence and/or metastasis in late stages, leading to poor clinical outcome despite the improved treatments for rcc currently in use (2, 3) . The 5-year survival rate for patients with kidney cancer with distant metastasis is only 12%, whereas it is 67% for patients with localized cancer (1) . at present, ~16% of patients are diagnosed with distant metastasis (1); however, there is no agreement regarding the molecular mechanisms underlying rcc. next-generation sequencing technology has identified dozens of gene mutations associated with various type of cancer; however, only mutations of certain driver genes serve dominant roles in the development and progression of cancer (4) . a number of genes associated with RCC have been identified, but the heterogeneity of the condition increases the importance of identifying novel genes and further understanding the molecular mechanisms underlying rcc (5, 6) .
ubiquitin-conjugating enzyme e2T (uBe2T) is a member of the ubiquitin-proteasome family; this family is an efficient protein-modification system that serves important roles in almost all cell behaviors, including dna replication, cell proliferation, differentiation, apoptosis and angiogenesis (7, 8) . uBe2T has been reported to bind to Fa complementation group l protein via its uBc domain, promoting the formation of the Fanconi anemia (Fa) core complex and activating the Fa signaling pathway (9) (10) (11) . in addition, uBe2T has been reported to cause Fa, increasing the risk of acute myeloid leukemia or head/neck squamous carcinomas (11) (12) (13) . Additionally, UBE2T has been identified to act as an oncogene in numerous types of cancer. For example, uBe2T promotes cell proliferation, invasion and metastasis in nasopharyngeal carcinoma (14) , and induces the ubiquitination of p53 in hepatocellular carcinoma, promoting cell growth (15) . elevated expression of uBe2T also serves an oncogenic role in prostate cancer (16) . Knockdown of uBe2T suppresses the proliferation and invasion of osteosarcoma and gastric cancer cells (17, 18) . Furthermore, cell cycle arrest and apoptosis are induced by uBe2T silencing in bladder cancer (19) . in breast cancer, uBe2T overexpression results in the degradation of Brca1 and poor clinical outcome (20) . Furthermore, uBe2T is overexpressed in lung cancer and is involved in resistance to chemotherapeutic drugs (21) (22) (23) . at present, the role of the uBe2T gene in the development and progression of rcc is yet to be investigated.
This study aimed to identify the role of uBe2T in rcc; therefore, the expression of uBe2T was detected in rcc tissues and cells, and its clinical relevance to rcc was analyzed. Furthermore, the effects of uBe2T knockdown on the proliferation, colony formation and invasion of rcc cells were studied in vitro, and in vivo in a nude mouse model. additionally, the effects of uBe2T knockdown on the phosphorylation of Pi3K, akt and mTor were investigated via western blot analysis.
Materials and methods
Clinical samples and ethics statement. a total of 52 fresh surgical tissues and matched adjacent normal tissues from patients (15-62 years old, 36 males and 16 females) diagnosed with RCC were collected from June 2014 to July 2016 at the Department of Urology Surgery of First Affiliated Hospital of Jiamusi University, flash frozen in liquid nitrogen and stored at -80˚C. Patients that did not receive chemotherapy or radiotherapy prior to surgery were selected for this study. completed signed clinical information was collected. The pathological stage of patients was established based on the TNM classification system from the WHO (24) . Total RNA and protein were extracted and stored at -80˚C, and used for reverse transcription-quantitative Pcr (rT-qPcr) and western blotting, respectively. Patients were separated into high-and low-expression groups for survival analysis based on their levels of uBe2T expression; a fold change >2 in expression in tumor tissue compared with in normal tissue was considered high, whereas a fold change ≤2 was considered low.
Written informed consent was obtained from all patients. all experiments were approved by the institutional review Board of The First Affiliated Hospital of Jiamusi University.
Cell culture and transfection of small interfering RNA (siRNA). Human renal cancer cell lines (786-o, acHn and oSrc-2) and a non-cancer cell line (293) were purchased (cell Bank of the chinese academy of Sciences) and cultured in rPMi-1640 medium (Hyclone; Ge Healthcare life Sciences) with 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.) in a humidified atmosphere with 5% CO 2. at 37˚C. siRNA fragments targeting human uBe2T (siuBe2T; sequence, 5'-Gca acT GTG TTG acc TcT aTT-3') and negative control (sinc; sequence, 5'-GcTTcGGaTacGTTTccTaaT-3') were synthesized (Shanghai Telebio Biomedical co., ltd.) and transfected into 786-o cells (1x10 5 Cell proliferation assay. siuBe2T-or sinc-transfected 786-o cells were seeded into a 96-well plate at 1,000 cells/well. Following incubation for 48 h at 37˚C, the culture medium was replaced and 20 µl MTT reagent (5 mg/ml; Sigma-aldrich; Merck KGaA) was added. After a further 4 h at 37˚C, supernatants were removed and 200 µl dMSo was added. The absorbance was detected at a wavelength of 490 nm using a microplate reader. Wortmannin (5 nM; Sigma-aldrich; Merck KGaa) was used to treat 786-o cells transfected with siUBE2T, siNC or oeUBE2T for 24 h at 37˚C.
Colony formation assay. siuBe2T-or sinc-transfected 786-o cells were seeded in a 60-mm dish at 2,000 cells/dish. after 2 weeks at 37˚C, 100% methanol was used to fix the colonies for 2 min at room temperature. crystal violet staining solution (Sangon Biotech Co., Ltd.) was used to stain the fixed colonies for 15 min at room temperature. The number of stained colonies was counted under a Nikon microscope (magnification, x100; Nikon Corporation); five fields were selected randomly for evaluation.
Transwell assay. siuBe2T-or sinc-transfected 786-o cells were seeded into the upper chambers of Transwell inserts (8.0-µm pore size; Bd Biosciences) with or without Matrigel matrix at 5x10 4 cells/well in dMeM containing 2% FBS. dMeM containing 20% FBS (500 µl) was placed in the lower chambers. Following incubation for 48 h at 37˚C, the cells in the bottom of each chamber were fixed with 100% methanol for 5 min at room temperature and stained with 0.1% crystal violet staining solution for 15 min at room temperature. Five fields were selected randomly and images were captured. Subsequently, the cell number was counted under a nikon microscope (magnification, x100; Nikon Corporation).
RT-qPCR.
Total rna was extracted from tissues and cell lines using Trizol ® reagent (invitrogen; Thermo Fisher Scientific, inc.), and was treated with rnase-free dnase (Promega corporation). Total rna (1 µg) was used for synthesis of first strand of cDNA using a reverse transcription kit (Takara Biotechnology co., ltd.). The protocol used was as follows: 42˚C for 50 min. qPCR was performed using a Hifair iii one Step rT-qPcr SYBr Green kit (Yeasen Biotech co., ltd.) using a Stepone real-time Pcr system (Applied Biosystems; Thermo Fisher Scientific, Inc.). qPCR was conducted as follows: 95˚C for 5 min, then 40 cycles of 95˚C for 10 sec and 60˚C for 30 sec. GAPDH was used as the internal control. The relative expression of each gene was calculated using the 2 -∆∆Cq method, in which ∆Cq= Cq(gene of interest)-cq(GaPdH) (25) . The primers used are presented in Table i .
Western blot analysis. Total protein was extracted using a nuclear and cytoplasmic Protein extraction kit (Beyotime institute of Biotechnology) and quantified via the Bca method using an enhanced Bca Protein assay kit (Beyotime institute of Biotechnology). Proteins (20 µg/lane) were separated via 10% SdS-PaGe and transferred onto PVdF membranes. Membranes were blocked with 5% nonfat milk at room temperature for 1 h. Subsequently, the PVdF membranes were incubated with primary antibodies at 4˚C for 12 h, followed by washing with 0.05% TBS-Tween-20 three times. The primary antibodies used during the study were specific for phosphorylated (p)-aKT (1:500; cat. no. ab38449; abcam), p-Pi3K (1:500; cat. no. ab138364; abcam), p-mTor (1:2,000; cat. no. ab109268; abcam), total aKT (1:2,000; cat. no. ab179463; abcam), total Pi3K (1:2,000; cat. no. ab180967; abcam), total mTor (1:1,000; cat. no. ab2732; abcam), uBe2T (1:1,000 cat. no. ab140611; abcam), fibronectin (1:1,000; cat. no. ab45688; abcam), e-cadherin (1:600; cat. no. 14472; cell Signaling Technology, inc.), n-cadherin (1:1,000; cat. no. 4061; cell Signaling Technology, inc.), vimentin (1:500; cat. no. 3932; cell Signaling Technology, inc.) and GaPdH (1:1,000; cat. no. 5174; cell Signaling Technology, inc.). PVdF membranes were then incubated with secondary antibodies for 1 h at 37˚C, followed by washing with TBS three times. The secondary antibodies included horseradish peroxidase-conjugated sheep anti-mouse igG (1:1,000; cat. no. HaF007; r&d Systems, inc.) and anti-rabbit igG (1:1,000; HaF008; r&d Systems, inc.). Finally, the membranes were analyzed using an ecl chemiluminescence detection kit (Beyotime institute of Biotechnology). PhotoShop cS6 software was used to quantify protein expression following western blotting (adobe Systems, inc.).
In vivo antitumor growth assay. a total of 16 BalB/c-nu mice (age, 7 weeks; weight, 20-25 g) were obtained from Shanghai Slac laboratory animal co., ltd. and were allocated into two groups: siuBe2T and sinc, with 8 mice/group. animals were maintained at a constant temperature of 25˚C with ~50% humidity, under a regular 12:12-h light/dark photoperiod with food and water available ad libitum. animals were inoculated into the right flank with 3x10 6 cancer cells following transfection for 24 h with siuBe2T or sinc and monitored every day for 35 days. Tumor volume was calculated twice a week using the following equation: V = (LxW Statistical analysis. all experiments were repeated at least three times, and the data are presented as the means ± standard deviation. differences between the groups were compared using one-way anoVa followed by Tukey's post hoc test. 
Results

UBE2T exhibits clinical significance in RCC.
To investigate the role of uBe2T in rcc, a total of 52 rcc tissues and adjacent normal tissues were collected, and the expression of uBe2T was determined via rT-qPcr. as presented in Fig. 1a, uBe2T was overexpressed in tumor tissues compared with adjacent normal controls. The mean mrna expression of uBe2T in tumor tissues was four-fold that in the adjacent controls. additionally, uBe2T expression was notably increased at the mrna and protein levels in rcc cell lines compared within 293 cells (Fig. 1B and c) . Pathological association analysis revealed that uBe2T expression was associated with TnM grade (P=0.001) and pathological stage (P=0.001) in patients with rcc (Table ii) . Furthermore, Kaplan-Meier analysis indicated that the survival rate of patients with rcc with high UBE2T expression was significantly decreased compared with patients with low UBE2T expression (18.2 vs. 42.1%; P=0.01; Fig. 1d ). These data suggested that uBe2T exhibited clinical relevance for rcc and was associated with poor prognosis.
UBE2T regulates cell proliferation and colony formation in RCC.
To investigate the function of uBe2T in rcc, 786-o cells were transfected with siuBe2Tor sinc. as 
Gene
Forward primer (5'-3') reverse primer (5'-3') uBe2T cGaGcTcGTaGaaaTaTTaGGTGGa TcaTcaGGGTTGGGTTcTGac GaPdH
GaGaaGGcTGGGGcTcaTTT aGTGaTGGcaTGGacTGTGG uBe2T, ubiquitin-conjugating enzyme e2T.
presented in Fig. 2a and B, uBe2T was successfully knocked down at the mrna and protein level in 786-o cells following siRNA transfection; the knockdown efficiency was >70%. The proliferation rate of 786-O cells was significantly decreased by ~65% following knockdown of uBe2T (Fig. 2c) . The ability to form colonies was also inhibited; as presented in Fig. 2d and e, the number of siuBe2T-treated 786-o cell colonies was significantly decreased compared with the control. Conversely, the migration and invasion of 786-O cells was not significantly affected by uBe2T ( Fig. 3a-d ). in conclusion, the results indicated that uBe2T contributed to the proliferation and growth, but not migration of 786-o cells.
UBE2T regulates the expression of epithelial-mesenchymal transition (EMT) markers in RCC.
eMT is an important process during the transformation of normal cells into tumor cells (26) . Typical molecular markers of epithelial cells are E-cadherin and fibronectin, whereas N-cadherin and vimentin are frequently used markers of mesenchymal cells (27, 28) . as presented in Fig. 4a and B, the expression of e-cadherin and fibronectin was notably increased in 786-O cells following uBe2T knockdown; conversely, the levels of n-cadherin and vimentin were reduced. The results indicated that uBe2T may participate in the eMT process in rcc.
UBE2T is critical for the activation of PI3K/Akt/mTOR signaling in RCC.
Pi3K/akt and the mTor signaling pathway serve important roles in embryonic development; however, these two signaling pathways are frequently overactivated in tumors (29, 30) . in the present study, it was demonstrated that the levels of Pi3K, akt and mTor phosphorylation were markedly decreased following uBe2T knockdown in 786-o cells (Fig. 5a) . conversely, the levels of total Pi3K and total aKT were not altered; however, total mTor expression was notably decreased. Wortmannin, a specific Akt inhibitor, did not further reduce the phosphorylation levels of Pi3K, akt Table ii . association of uBe2T expression with clinicopathological factors in renal cell carcinoma. uBe2T, ubiquitin-conjugating enzyme e2T. and mTor following uBe2T knockdown. additionally, the cell proliferation rate in the siuBe2T-transfected group was not significantly different to that in the siUBE2T/wortmannin or sinc/wortmannin groups (Fig. 5B) . conversely, oeuBe2T transfection upregulated the expression of uBe2T compared with the control, and increased the levels of p-Pi3K, p-akt and p-mTor compared with sinc (Fig. 5a) ; however, the effects on phosphorylation were reversed by wortmannin, which also significantly decreased cell proliferation even when UBE2T was overexpressed in 786-o cells (Fig. 5B) . Therefore, these Figure 5 . uBe2T knockdown regulates Pi3K/aKT/mTor signaling. (a) Phosphorylation levels of Pi3K, akt and mTor were decreased in 786-o cells following knockdown of uBe2T, but were increased when uBe2T was overexpressed; the expression of total Pi3K or total akt was not notably altered, whereas total mTor levels were markedly decreased following uBe2T knockdown. Wortmannin reversed the effects of oeuBe2T. (B) Proliferation of 786-o cells was inhibited by siuBe2T, but enhanced by oeuBe2T in a Wortmannin-sensitive manner. * P<0.05. nc, negative control; oe, overexpression plasmid; p-, phosphorylated; si, small interfering rna; uBe2T, ubiquitin-conjugating enzyme e2; vector, empty vector. data suggested that uBe2T was involved in regulation of the activation of the Pi3K/akt and mTor signaling pathways in 786-o cells.
uBe2T expression ---------------------------------------------------------
UBE2T knockdown suppresses xenograft tumor growth in vivo.
As presented in Fig. 6A , tumor growth was significantly suppressed following uBe2T knockdown. The mean tumor volume in si-UBE2T mice was significantly decreased compared with the control on day 35 (1,412.5 mm 3 vs. 620 mm 3 ; P<0.05). in addition, the mean tumor weight was significantly decreased following UBE2T knockdown (0.26 g vs. 0.75 g; P<0.05; Fig. 6B ). Therefore, it was suggested that uBe2T contributed to xenograft tumor growth in vivo.
Discussion
rcc is a common malignant tumor characterized by poor prognosis, late diagnosis, frequent recurrence and heterogeneity (1-3). The primary therapy for patients with rcc is surgical removal followed by chemotherapy or radiotherapy; however, traditional therapeutics have not improved the quality of life of patients with rcc (31, 32) . Therefore, there is a requirement for further investigation into rcc. at present, a series of genes have been reported to serve important roles during the tumorigenesis of rcc; however, the critical genes vary between each report (33, 34) , potentially due to the heterogeneity of rcc.
To the best of our knowledge, the present study is the first to indicate that uBe2T may be a potential candidate predictive factor in rcc. as aforementioned, uBe2T was overexpressed in clinical tumor tissues and was negatively associated with the survival of patients with RCC. The levels of UBE2T were significantly associated with pathological characteristics such as tumor stage and grade. These data suggested the clinical relevance of uBe2T in rcc. This was consistent with a previous study in which uBe2T was reported to be an independent predictive factor in gastric cancer (35) . a larger cohort of clinical rcc samples is required to further validate this finding. UBE2T was also reported to be upregulated in tumor cell lines compared with that in control cells. uBe2T knockdown was reported to inhibit cell proliferation and colony formation in 786-o cells in vitro. In vivo, uBe2T contributed to tumor growth. Tumor cells possess the ability to undergo potentially unlimited proliferation (36) . Therefore, it was hypothesized that uBe2T served an important role in the progression of rcc. This was consistent with previous findings; for example, previous studies identified that uBe2T overexpression promotes cell proliferation and metastasis in gastric cancer (18, 35) . Metastasis is another characteristic of cancer (36) ; however, in the present study, uBe2T expression did not appear to affect the migration and invasion of 786-o cells.
eMT is an important process during the transformation of normal cells to cancer cells, which has been reported to promote the progression of various types of cancer (37) . eMT is typically associated with cell migration and invasion in cancer cells; however, in the present study, altered expression of eMT markers was observed in the absence of changes in migration or invasion following siuBe2T transfection. common molecular markers in eMT include e-cadherin, N-cadherin, vimentin and fibronectin. In the study, the expression of the epithelial markers e-cadherin and fibronectin was upregulated following uBe2T knockdown; whereas the mesenchymal markers n-cadherin and vimentin were downregulated, suggesting that uBe2T regulated the expression of eMT markers. uBe2T may regulate the ubiquitin level of eMT markers in rcc, leading to differential degradation; however, further research is necessary to determine the exact role of uBe2T in eMT in rcc. in conclusion, uBe2T promoted the proliferation but not metastasis of rcc cells, and it may be involved in eMT processes in rcc.
in the present study, it was demonstrated that uBe2T was involved in rcc; however, the mechanisms underlying the effects of uBe2T on cell proliferation in rcc remain unclear. Pi3K/akt is a very important signaling pathway during embryonic development, which frequently induces positive effects on cell growth or proliferation. it has been reported to be overactivated in tumors, with increased phosphorylation of Pi3K and akt acting as the critical event (38) . in the present study, the phosphorylation levels of Pi3K and akt were increased following uBe2T overexpression and decreased following uBe2T knockdown. These findings suggested that uBe2T may regulate Pi3K/akt signaling in rcc. Wortmannin, a specific inhibitor of Akt, was demonstrated to downregulate the phosphorylation levels of Pi3K and akt even when uBe2T was overexpressed in 786-o cells. The proliferation-promoting role of uBe2T was also suppressed by wortmannin. These data further supported the hypothesis that uBe2T regulated Pi3K/akt signaling in rcc.
Hu et al reported that uBe2T activated the akt/glycogen synthase kinase 3β/β-catenin signaling pathway in nasopharyngeal carcinoma (14) . uBe2T was also demonstrated to promote cell proliferation via the regulation of Pi3K/akt signaling in osteosarcoma (17) . Therefore, it was predicted that uBe2T may activate Pi3K/akt signaling in rcc, as was observed. additionally, the phosphorylation levels of mTor were regulated by uBe2T in 786-o cells. mTor is an important signaling molecule during cell growth (39) , which has been demonstrated to crosstalk with Pi3K/akt signaling in cancer cells; for example, Pi3K/akt/mTor signaling was reported to exhibit positive effects during tumorigenesis in medulloblastoma and thyroid cancer (38, 40) . ubiquitin conjugating enzyme e2c (uBe2c) is another member of the ubiquitin-proteasome family that possesses similar functions to uBe2T (41) . uBe2c was reported to induce eMT via thePi3K/akt signaling pathway (42) . activation of Pi3K/akt/mTor signaling has been revealed to promote eMT in numerous types of cancer (43) (44) (45) . as aforementioned, uBe2T was observed to be involved in the expression of eMT-associated markers in rcc. Therefore, based on the aforementioned studies and reported findings, it was hypothesized that uBe2T promoted proliferation and eMT in rcc by activating the Pi3K/akt/mTor signaling pathway; however, further study is required to determine the molecular interactions between uBe2T and the Pi3K/akt/mTor signal pathway.
in conclusion, to the best of our knowledge, this study is the first to report that UBE2T promoted tumorigenesis in RCC by regulating the Pi3K/akt/mTor signaling pathway. Therefore, uBe2T may be a novel target in the treatment of rcc.
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